The identification and precise quantification of pulmonary emphysema in life are an attractive proposition, but are made virtually impossible by the pathological basis of its definition. ' The normal lung contains millions of small airspaces and early identification of their destruction is likely to be difficult and, although there are correlations between the more severe grades of emphysema and radiological or physiological abnormality, they are not especially close. Modem computed tomography scanners can examine the lung parenchyma directly with a resolution of less than 0-5 mm and may have the ability to detect and quantify emphysematous change more precisely. Ten years have passed since the first enthusiastic publication of the description of emphysema based on computed tomography. 2 In the same period there have also been important improvements in the technology and validation of computed tomography applied to lung disease, so it is now appropriate to see whether the technique has lived up to expectations.
Pulmonary emphysema is characterised by abnormal, permanent enlargement of airspaces distal to the terminal bronchiole accompanied by the destruction of their walls. The condition is usually determined by examination of postmortem or resection specimens. Identification of the condition in life not only allows assessment of the extent of damage but also paves the way for epidemiological studies of emphysema as well as interventions such as antiprotease replacement and persuading the patient to give up smoking. Before computed tomography was used the best estimate of the presence of emphysema was based on a combination of conventional radiology and physiological tests.
The plain chest radiograph is unable to show the lung without the interference of the chest wall structures, through which the x rays must also pass. The image is therefore composite and the assessment of lung density is imprecise even if the film is scanned by densitometer.' The presence of emphysema can be gauged indirectly by the appearance of hyperinflation or by deficiency in the pulmonary vasculature. Hyperinflation, which is not confined to emphysema, is best seen from the flattening of the diaphragm and to a lesser extent from the expansion of the retrosternal space.4 Sometimes bullae may be obvious on the chest film but appreciable bulla formation may go unnoticed if normal lung is interspersed between the bulla and the chest wall. Peripheral oligaemia in the lung fields with prominence of the hilar vessels may be characteristic of severe emphysema; but lesser degrees of attenuation of vessels may be more difficult to spot, particularly if it is patchy.
Many studies have compared the radiological appearance and grading of emphysema at necropsy, though obviously these cannot have not been contemporary. '9 The comparisons in these studies were usually between the radiological features and sagittal sections of lung, which were carefully prepared by inflation and paper mounting. The sections were subject to grid or panel grading and the results compared with the radiological features in life. The overall accuracy of conventional radiography in the detection of emphysema ranges from 65% to 80%, but the sensitivity is poor in mild disease. Hyperinflation on the chest radiograph is a reliable though non-specific feature of severe emphysema, but mild and moderate disease cannot be detected by plain radiography. Automated quantification of emphysema The automatic calculation of the tissue mass and density of the lung is made possible by computed tomography. Some practical and theoretical problems, however, have inhibited its development. The major problems include the identification of the boundaries of the lungs and the considerable additional computer processing required. The computed tomography density does not relate precisely to actual density because several assumptions may be made in the use of the x ray intensities to produce the best image. The detected x ray intensities are filtered and corrected for beam hardening as they pass through the body and the final image is reconstructed from many different single beams. Nevertheless include the assessment of bullous disease and the differentiation of emphysema from fibrosing alveolitis when they coexist. 44 The development of automatic quantification of emphysema is more difficult because there is currently no accepted standard method. Future standardisation will require guidelines on the suitability of machines and on internal software and calibration. Respiratory gating with exposure triggered by the required phase ofinspiration will also reduce errors. 45 We should begin to see results of some studies that have examined the true agreement between computed tomography and pathology rather than obtaining correlation estimates. Cost and radiation exposure are likely to favour sampling techniques rather than whole lung measurements.
Evidence already suggests that detection of emphysema by computed tomography has become a useful tool in the understanding of disease. One example is the discovery that emphysema in silicosis is related to smoking and not to industrial exposure. 
